1. To establish whether 3-methylhistidine in food is quantitatively excreted in the urine, five normal adults on a vegetarian diet were given known amounts of 3-methylhistidine in meat or fish. The mean cumulative 5-day increment in 3-methylhistidine excretion in non-hydrolysed urine accounted for an average of 90% of the 3-methylhistidine given during the first 3 days of this period.
Introduction 3-Methylhistidine is formed by post-translational methylation of peptide-bound histidine in the myofibrillar proteins actin and myosin . Since 3-methylhistidine is not reincorporated into protein, is not oxidized and has a low renal threshold, its urinary excretion on a vegetarian diet is related to the turnover of these contractile proteins (Bilmazes, Uauy, Haverberg, Munro & Young, 1978) . 3-Methylhistidine given Correspondence: Dr Roger Smith, Nuffield Orthopaedic Centre, Headington, Oxford OX3 7LD, U.K.
parenterally is quantitatively excreted in the urine (Long, Haverberg, Young, Kinney, Munro & Geiger, 1975) , and exclusion of meat from the diet reduces the 3-methylhistidine excretion to a constant level within 3 days, without significant effect on the urinary creatinine (Tomas, Ballard & Pope, 1979) .
However, the quantitative relationship between dietary 3-methylhistidine (in protein) and urinary 3-methylhistidine is not known, and neither is the spontaneous variation in 3-methylhistidine excretion in patients on a constant mixed diet, such as that used in metabolic balance work. With the increasing use of 3-methylhistidine as an index of muscle protein turnover in disease this information is necessary and is provided by the present study.
Subjects and methods
Five normal adults (three males, two females, age 22-30 years, weight 5 1-76 kg) ate a normal diet (day 0, Table 2 ) and then changed to a vegetarian diet for the next 9 days. On days 4 , 5 and 6 each subject took the following additional cooked protein: subject no. 1, chicken (465 g baked leg meat); subject no. 2, plaice (227 g raw fresh wt.); subject no. 3, plaice (454 g raw fresh wt.); subject no. 4, cod (570 g raw frozen wt.); subject no. 5, beef steak (245 g raw fresh wt.). Urine was collected throughout the study. Additionally, in four patients who had been on a constant mixed diet for at least 4 days at the start of a metabolic balance study, urinary 3-methylhistidine was measured over the next 6 days while the constant diet continued.
The 3-methylhistidine content of food was measured in triplicate by the method of Haverberg, Omstedt, , without prior pyridine elution, with a Chromaspek J180
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amino acid autoanalyser (Elia, Carter & Smith, 1979) . Measurements were made on the whole food, on the fat-free dry substance, and on the supernatants derived from it. Each analysis was performed on a separate sample of food. For the purpose of estimating the additional 3-methylhistidine in the food ingested, we have assumed that the fat-free dry weight is the same as the protein content of these foods, taken from Paul & Southgate (1978) . Urine creatinine was measured by routine methods and 3-methylhistidine on unhydrolysed urine by an amino acid analyser.
Results
The mean concentration of 3-methylhistidine in the food stuffs (Table 1 ) differed little with its source. The amount of 3-methylhistidine found in whole meat agreed closely (90-100%) with that estimated to be present in the protein within it. The 3-methylhistidine present as the free amino acid or as soluble peptides, possibly related to autolysis, accounted for less than 5% of the total.
The urinary excretion of 3-methylhistidine in subjects on a vegetarian diet (days 1-3, 7-9) was lower than when on their normal diet ( Table 2 ).
The additional excretion on the normal diet (day 0) varied according to the food normally taken. On meat ingestion the 3-methylhistidine excretion increased to a nearly constant level by 2 days and rapidly fell when meat was omitted, but creatinine excretion was little affected.
The amount of 3-methylhistidine excreted additional to that on the vegetarian diet and related to the 3-day protein load has been calculated as the total 5-day increase in excreted 3-methylhistidine (days 4-8 inclusive) above the mean basal value on day 3 (days 3,9) of the two vegetarian periods. This additional 3-methylhistidine excretion has then been expressed as a percentage of the estimated additional 3-methylhistidine intake.
In the four patients on a constant 'balance' diet the daily variation around the 6-day mean value was small. When these individual daily values are expressed as a percentage of the individual 6-day mean, the average percentages for each day for the four patients are as follows (means f 1 SD): Table 2 ) represents the increase in 3-methylhistidine excretion over the basal value from day 4 to 8 inclusive associated with the additional protein given on day 4, 5 and 6 estimated to contain the amount of 3-methylhistidine stated under b. (alb) x 100 is the percentage of this additional intake appearing in the urine. (1975) showed that when radioactively labelled 3-methylhistidine is injected intravenously, it is not re-utilized or oxidized, but is quantitatively excreted in the urine. Our results now suggest that the same is true for oral 3-methylhistidine given as protein. It is not known whether 3-methylhistidine is absorbed as the free amino acid or as small peptides; however, two factors will reduce the apparent recovery in the urine to less than loo%, namely incomplete breakdown and intestinal absorption of the protein, and small but variable acetylation of 3-methylhistidine in the urine. The degree of acetylation of urinary 3-methylhistidine in man is usually quoted as about 5% (Long et al., 1975) .
Secondly, the constancy of 3-methylhistidine extraction on a 'balance' diet provides evidence of the accuracy and reproducibility of measurements of urinary 3-methylhistidme under such conditions and should make it possible to detect relatively small individual changes during metabolic studies, although it will not unfortunately aid their interpretation.
